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Th*  xxiofgrmaa  of  Inelastic  scattering  measurement*  at 
thia  laboratory  iws  been  outlined  previously  In  several 

rtpartf  and  publioatione1'* K The  praaant  data  constitute 
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an  extension  of  tha  aarllar  effort* . To  data,  tha  prln- 
oipal  detector  has  bean  tha  photn^mphlo  plate.  Burlier 
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mflaaur«meniB~  r ' oonaintad  In  obtn tnin.,  rintu  wttr.  end 
without  ooattercro  before  tho  ythoto^rfiphin  yintsso  A <11  o - 
ad>iant»F.«  of  tho  poometry  woe  that  primary  unnoatterad 
neutron*  oould  reach  the  platen  a Ion#  with  the  elastically 
end  inoleatloally  bow  tiered  neutrons  Riving  rise  to  a large 
end  undesirable  beck  ground . This  difficulty  nee  av— rlaed 
in  the  final  report  under  Contract  SC -2054  to  projeot  IKPA2\ 
April  30,  1991*  In  thla  Mt«  report  it  nee  eleo  suggested 
that  e geo— try  be  adopted  wherein  tho  photographic  plates 
nould  not  be  in  the  bean  of  primary  neutrons  incident  up— 
the  eoatterer,  that  they  should  be  lo— ted  at  90°  to  the 
bees  to  receive  neutrons  soattered  through  tint  angle*  9— h 
a geo— try  — c Indicated  in  Figure  2 of  Refer—  2*  A 
•90-degree*  goo— try  — s adapted  by  Stela—  — d Preston® 


5)  Stele-*  and  Preston,  Phya.  Rev.  Bd,  158  (1952). 


shea  they  studied  the  neutron  groups  ralstlng  to  the  lnelastls 
e— tterlng  of  Hit  neutrons  by  Iron  . 

Although  the  data  of  Stale—  and  rreatoa® * Mere  statis- 
tically poor,  their  re— Its  see— d to  hold  par— 1—  * Accord- 
ingly the  large  paraffin  oo  111— tor  of  their  — a aura— nta 
—a  oo— taunted  aa  described  in  Refers—#  4*  In  actuality, 
too  eolll— tore  Mere  prepared  at  Bertol,  one  of  length 


5<*  om  as  5m  * it;  by  ivfcaloen  nn«!  i'rwston,..  th®  ofchet 

n nhortar  oml  mora  flnred  varslon  of  length  20  css. 

Ihe  shorter  ooiliraet.cr  wao  ooat  to  increae©  lh©  neutron 
intensity  *t  the  sofltt«r«r,  Objections  have  b««n  raised  In 
various  quarters  to  the  Stelaon-Prerton  experiment.  It  has 
been  argued  that  the  per®  servos  of  such  large  quantities  of 
paraffin  as  they  used,  leads  to  a degradation  of  the  priaary 
neutron  energy  and  to  spurious  groups  of  Ion  energy  neutrons 
fchloh  night  be  Interpreted  as  having  been  lnelaatloelly 
scattered . Consequently,  before  doing  any  oolllastar  experl - 
Mate,  it  wee  deelded  to  Investigate  sows  different  variations 
of  ths  so-oalled  "wedge"  geenstry  for  shielding  the  photographic 
p 1s  tee.  A aohcna tie  dlagraa  of  ore  fare  of  this  ge  one  try  ms 
given  In  Figure  1 of  Reference  4*  To  keep  scattering  aster  la  Is 
at  • nlninmn,  It  wa  decided  to  Irradiate  a eeattxrer  of  Iron 
in  ths  geonetry  of  Tigers  1 of  ths  present  paper.  This  w- 
rengensnl  represents  the  iitrws  asee  in  whleh  thane  Is  m 
oolllaetiaa  or  shielding  to  give  say  degradation  of  ths 
prlaary  neutron  bean. 

The  desirable  Mntroaa  whleh  are  detested  is  the  plates 
of  Figure  1 ere  those  which  have  preseeded  fran  the  deuteries 

target  to  the  seetterer  and  thenoe  through  an  angle  of  90° 
to  the  photographic  plates.  Present  also  are  reooll  protons 
produced  by  Irradiation  of  ths  photographic  plates  toy  the 
neutrons  arriving  directly  frost  ths  target,  in  the  tea  sura ' 
sent  of  the  plates,  only  the  upper  half  of  the  platoa,  the 


half  nsnrar  the  snatfcerer,.  me  i'«md  „ In  the  Keosnetry  of 
Figure  1(  reooil  pretons  can  appear  which  n*i:r.  on  angle  of 
as  little  as  thirty  degrees  with  the  foartmrd  direction.  The 

coapleaent  at  the  angle  ind lasted  in  the  drawing  of  Figure  1 
la  42° • An  aooaptance  angle  of  twelre  degrees  of  the  forward 
direction  wee  employed  in  the  photographic  plates  so  that  at 
the  center  off  the  phot ogrs phi o plots  it  would  ha  possible  to 
find  aooeptable  recoil  protons  asking  an  snglo  as  aasll  os 
thirty  degrees  with  the  path  of  the  incident  sssooistsd 
■strtron  coning  directly  tro n tbs  target,  The  ?t  the 

reooil  proton  would  bo  given  by 

% • *. 

where  as  indicated  above, # eeuld  be  as  little  as  thirty  de- 
grees, so  that  the  recoils  eeuld  have  as  snob  as  three »fenr the 
of  the  prlinzy  neutron  mm «y.  Qlaoe  only  the  upper  half  off 
the  plates  were  rend,  tin  eagle  ana  usually  greater  than  50°. 
la  the  —soar  sweats  off  this  sect  ion  off  the  report,  d outer  one 
off  energy  1.9  Mr;  were  passed  through  a niokel  foil  off  thick- 
ness*** 500  Ear  into  a target  off  dontoriun  an*  about  200  See 
thick.  Tin  resultant  neutrons  had  an  energy  off  "v*  4 Use  as 
indicated  by  a control  plats  placed  at  the  position  of  the 
eoatterer.  Moat  of  the  reooil  protons  resulting  fnm  direct 
irradiation  of  the  platea  were  rewored  by  ohoosing  only 
reooil  pro tone  of  energy  in  exoeea  of  S >3  Kero  Another 
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n our  cm  of  recall  pvn+nns  is  neutrons  proocftdinp  dlretvfcly 
T r '*i»  target,  to  plntaa  to  b«  scattered  from  tin#  AgBr  of  tha 

emulsion  and  from  the  silicon  in  the  gins*  becking  cf  the 
•■u la ion,  Extensive  calculations  wore  performed  to  get  an 
estimate  of  this  effect,  end  they  aeemed  to  Indicate  thui 
about  four  «r  fire  times  as  many  neutron*  are  scattered  fro® 
the  Ag,  Br,  end  Si  as  from  the  iron  eoatterer  itself.  This 
fact  alone  pieces  In  doubt  asqr  results  whloh  sight  be  obtained 
fros  the  unshielded  g*  one  try  of  Flgurs  1*  lerertheleae,  to 
obtain  a oonplete  experimental  picture,  a eylindrloal  iron 
asatterer  cf  length  one  lnoh  and  d lane  ter  oca  lnoh  «•  ir- 
Itllated  la  the  gsonstry  of  figure  1. 

A jfet&tlessl  nsthed  cf  sspcecrs  «a§  adopted  la  whloh  a 
total  of  flee  will ion  integrator  counts  ears  recorded  at  the 
dautsrlun  target  of  the  Van  da  Qraaff  generator,  too  nlllian 
with  aaattarar,  teo  alliloa  without  ooattorav,  aad  one  aiUlsa 
with  a control  plate  In  the  pool t ion  norsallj  oooupiod  Vy  the 
iron  ooottarar  to  doterwiao  the  henogsnalty  of  tbs  primary 
incident  boon  of  neutrons  at  4 -Woe.  (Tbs  oalltration  of  the 
integrator  is  0.0$  ooulonb  par  integrator  count.)  The  data 
with  and  without  aoattoror  arc  plotted  la  Figures  2 and  5, 

Figure  2 in  energy  Intervals  of  0.1  War  and  Figure  3 in  inter- 
vals of  0.2  Wav.  A oontinuua  of  recoils  appears  to  be  present 
below  4 Wav.  The  two  curves  are  dlselnliar  between  3.3  and 
4 Wee,  suggesting  the  possibility  that  elaatloslly  and  inelastic 
daily  soattered  neutrons  have  boon  contributed  by  the  iron 
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Brafcter^s:  Jr>  -';hJLu  I or*..  At -••».'  4-^  Knv  nppenra  a /'.roup  of 
neutron?  on  both  sals?  of  p Inina  boyornJ  fchn  po-iition  In  anergy 
which  is  poanibj.a  according  to  the  kinotioo  of  the  douteron  - 
deuterium  renotion-  Thin  group  of  neutrons  i-  analgneri  to  th# 
reaction  H (n,p)  C*  . When  a photogrephio  plate  la  placed 
parallal  with  a neutron  beea,  the  group  of  neutrons  froea 
l14  («  , p)  C 4 Is  not  ususlly  aotiesable.  It  la  usually  oon- 
p lately  overshadowed  by  the  neutrons  fro*  the  D-D  reaction. 

Hoar# ear,  when  the  plate*  are  nearly  vertical  to  neutron  beam 
as  are  those  in  figure  1,  the  prlaary  neutrons  disappear,  and 
the  f*4  (»,p)  C14  neutrcRM  beoosta  apparent. 

Slnae  the  dlrsot  neutrons  were  so  eoattered  by  the  AgBr 
and  si  ae  to  partially  week  the  centrimiss  of  tis  ires 
scatter***,  it  beearne  trident  that  adequate  shielding  met  be 
Interposed  between  the  deutarlun  target  and  the  photographic 
plats# . The  dwlstsi  as  ts  how  wash  this  Id  lag  cm  be  eaployed 
presorts  a praties,  be  sense  if  too  aush  is  pissed  b twees  the 
target  asd  plates,  the  aaattars r will  bo  too  fur  resowed  fros 
the  neutron  souroe,  tfane  redooing  the  solid  angle  suttonded  at 
the  souroe  by  the  soaVtorer.  Oonse*toently,  a survey  of  possible 
gaowetrlaa  ese  carried  out  with  a Ties  to  ohosrriag  the 
background  of  eoattered  neutrons  in  the  platea  under  various 
oonertiens  of  shielding.  Sy  aoattered  neutrons  in  this  mm 
la  ecssl  those  eoattered  froa  the  AgBr  and  81*.  So  iron 
soattersr  ni  present.  Ho  dlreotlonsl  oritarla  spurs  sppllod 
in  Measuring  the  tracks.  In  fao*.  they  were  not  actually 
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mu  «iS  but  i.i-.. \y  c,  )VUit.ib  „ The  number  of  t.  rank  3 of  nil 
types  per  field  of  vie®  =sr.  recorded ..  Any  tiro  oka  v-hiob  oouldl 
b»  dl ff«r<*ntlj»t«d  frofln  tin*  baokforound  grains  vihh  oount*d« 

Thu*  t the  background  aeaaurcacnte  of  the  varlouw  geometries 
ffeoujd  be  applicable  to  o punter  »ea  aurenents  m yell  as  to 

BlMltefigSgMg  BfeSgg* 

Th*  various  tjrpee  of  shields  sre  dsseribsd  in  Figure  4 
(10  w of  paraffin,  10  cm  of  blaauth),  Figure  5 (20  os  of 
paraffin),  and  Figure  6 (a  Stelaon-Preeton  type  oolllaator 
of  length  20  on).  The  results  of  the  shielding  measure aente 
are  desorlbed  in  Figure  7,  where  s table  of  data  is  presented, 
hros  the  table  it  la  olaar  that  the  paraffin  wedge  of  length 
10  on  alloae  a background  oui*  1.6  vises  ao  groat  as  ti» 
sol  lias  tor  and  that  the  20  on  wedge  glees  rise  to  a lower 
background  than  tho  eoattertr*. 

# At  tho  bottan  of  the  table  la  a row  of  data  relating  to  an 
unshielded  bonbardaant  of  a pa  11  to  is  (an  saw  la  low  500  alamos 
tkiok  without  any  glnes  baoking  )*  The  geasetr/  was  that  of 
Figure  1 with  ao  soattarcr  pro  seat . According  to  the  table, 
Id .6  traoka  par  field  of  view  wore  observed.  This  figure 
aunt  be  divided  by  three  to  roduoe  tho  pellicle  thickness 
to  that  of  the  photographic  pistes  (100  niorons),  giving 
5.6  tracks  par  field  of  view,  in  agreement  with  5.5  treats 
found  in  the  plates.  Thus,  the  addition*!  200  alorons  of 
eauleion  thickness  containing  AgBr  contribute  as  neny 


MAT  E MO 


son  l non  Iron©  »;•«  t!io  »'er«i  ioi  ng  !.'*>*>  nilorvcm  of  pnllInJ« 

thl .oknt'As  as  i*o5S  i:M  >:ln«n  bnolrin^  to  llm  100  wicvon 
sciulslco  of  hh«  photographic  pint# <, 


In  order  to  obtain  a high  density  of  incident  «*ut-r«ne»  * de- 
cision use  wade  to  employ  a modification  of  the  10  am  of 
paraffin  ahown  In  Figure  4*  Thla  nan  fora  of  tha  )U*oa  geometry 
la  shown  in  Figure  ti.  The  various  angles  of  tha  aomentun  re- 
lationship are  tuoh  that  only  one-f'vxrth  of  tha  Incident  neuti ran 
energy  oan  be  Inpartee;  to  a proton  in  tha  amlslon*  However, 
only  reoolle  of  energy  greeter  than  1*6  Her  rare  actually  ao- 
oepted.  The  energy  distributions  with  and  without  seatterar 
and  tha  difference  curve  are  plcrctod  in  Figure  9*  An  ilaatio 
group  la  wall  defined,  but  tha  inalaatio  one  la  "sneered”  ever 
a oonelteareble  region  and  does  not  exhibit  particularly  good 
definition*  Tha  broken  Una  af  tha  difference  asm  represents 
tha  energy  dlatrlbutlon  oenreoted  for  variation  with  n-p 
scattering  «roaa-aaotion  and  aaoaptanoa  prot ability  of  too  txaeira. 

To  obtain  the  data  of  figure  9,  10,900  fields  of  view 
were  observed  la  binocular  aioroaoopoa  to  obtain  779  accept- 
able recoil  proton  tracks  la  tha  oaao  of  aoatterar  present* 

Tha  background  without  aoatterar  was  dataralnad  by  measuring 
929  tracks  in  9,690  fields  of  view..  As  to  bombarding  tiaa, 
a total  of  seven  million  integrator  oounts  ware  aoounulatad 
with  aoatt erer  and  seven  ml 111cm  without  aoatterar*  A control 
plate  replaced  the  soattarer  for  one  million  integrator  oounts 


obtain  th«  cm«*>  i ,-.\r  of  th*  pr'iinfivy  be  urn  of  neutrons 

employed  in  the  scatter in^  experiment.  It  io  possible  that 
nop>e  of  the  neutrone  from  the  target  nouJLd  be  eoettered  and 

degraded  In  tha  paraffin,  then  • last low lly  eoettered  In  the 
iron  to  the  photogrephio  pletee  to  eppeer  ee  e Ion  energy  group 
to  he  oonfueed  with  inelaatloally  eoettered  neutrons  free  the 
Iron  soatterer . A beck  ground  "run"  does  not  take  Into  aooou&t 
neutron  groups  produced  in  this  naimer . The  pr leery  neutron 
speotrun  la  shown  In  Figure  10.  n la  estlantsd  that  Isas 
then  floe  per  sent  of  the  neutrons  lie  below  the  principal 
group*  The  presence  of  tha  sneered  lnalaatlo  eontrl button  of 
tha  dlffaronaa  sum  of  Plprs  S ssssst  be  explained  to  arnoh 
a snail  percentage  of  degradation  of  tha  prlaary  bean. 


Introduction 
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1 ) 

Previous  m*aaurei»tnta  of  the  total  arena  aaotlon  of 
l!  R.  K.  Adair,  Rav.  Mod.  Phya.  22,  249  (1950). 


phosphorus  for  fast  nsutrons  hsvri  yield  ad  only  scanty  inform- 
Hoc  In  the  tnargj  nines  s mi  la  bis  to  us.  Shs  total  cross 
section  for  ohlcrlnc  has  not  bssn  rs ported  previously,  while 
that  for  sold  appeared  in  abstract  fora®  * during  oar  investigation. 

*f  l.  l.  Ssdcsr,  s.  Salt  end  A.  osasskl,  Sail.  Ansr.  Hors.  See. 

|Z,  19  (1998). 

iammsm»*oi«am*a*immamsmaaiaa»wm«m«ammmoaiani«Ba«aMas*^mm^wa^s^ama 

Assarstn 

A radio  frsfusnsy  lea  ssurss  has  rcosntly  bssn  iastallsd 
la  car  anil  electrostatic  generator,  which  together  with  suit- 
able saxlllary  focusing  voltages  yields  s 19  g.e.  resolved  been 
of  protons  la  the  energy  range  900  to  1S00  Ksv.  The  generator 
voltage  la  kept  esnstent  to  within  1 to  2 kv  by  the  use  of  a 
corona  stabilising  elrcolt  whose  error  signal  Is  derived  froa 
s pair  of  insulated  slits  located  st  the  output  end  of  the 
aaaly».»cKf  sagnst. 

?n  order  to  as*  sure  the  ion  h.iea  energy,  work  wee  Initiated 
on  s torsion  balance  with  which  the  magnut  field  of  the 
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ena  Ty  r.1n<ar  nnpn«t  nralfl  be  men cured « Ttoveloproftn  fc  work  rah 
'ifider  swiy  «.t  *?>»  -*•{ ;sa  o*  «.*(*.««»  t.jvpsr  Jv,ss*.e , &•;:/•  th-ff  nr-ws^iy 

ntoMlity  and  reproducibility  cf  the  torsion  balance  wee 
achieved,.  However,  since  the  oonspletlon  of  thle  work  would 
bare  required  more  time  then  could  reasonably  be  allotted  to 
these  oxparlaantK,  it  waa  deolded  to  rely  on  tha  existing 
gsnsratlng  voltmeter.  A ooreful  investigation  of  tha 
■tabllity  and  raproduolblllty  of  the  ger*a  rating  voltaetsr 
revealed  that  after  certain  dlf floultlas  in  tha  crowding  of 
tha  rotor  ware  ellnlnrted,  tha  only  ranainlag  nurlahla  ana 
the  taaparatura  expansion  of  tha  generator  ooltam.  Whan  thia 
ana  reduood  aa  t hr  aa  possibl#  by  tha  uaa  of  aatar-ooollag  ooila 
«s  tha  praamro  tenk,  tha  nfnmaaUiiit;  of  tha  gasarstlng 
roltnatar  ana  gonaraUy  about  t l».  Thus,  whllo  tha  voltMlar 
la  ft  anoh  to  bo  daolrad,  it  ana  adequate  far  tha  present  ea- 
p arisen  la.  and  ana  than  eelitentod,  aaing  tha  M>|i  .V1)  ra- 
aonanoa  at  *73-3  Kav,  tha  Al<p,  V ) roaonanaa  at  993.3  bv  ant 
tha  l^p.n)  threshold  at  1.019  Mar*'*).  Xh  addition  tha  l*(9,a) 

S.  Barb,  8.  0.  Snowdon,  aad  0.  gala,  Hya . Bar.  22* 

#4t  (1949) 

H.  P„  foaobek,  0.  a.  Jarria,  8.  Argo  and  A.  Bnaaandingar, 
Flqra.  Bar.  1266  (1949). 


thraahold  na«  ohaokad  after  aooh  100  Car  interval  throughout  tha 
arose  aaotlon  aaasurananta. 
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‘if;*  Uitnw.  i»Trp  pre|Y5s*c^  by  obfiorbitip  tritium 

j«s  at  Min  Hi',  w .Mflnr « Into  a i nun  film  eyTipr.rr.tftd  onto 

k ) 

u wo  1 frm:.  beirfc  intf  ^ ’ Noma  difficulty  wan  e no  currier  #d  in  traklnfi 

^ A.  B.  Mill*  and  J.  P.  Conner,  Rev,  Sci.  Inat.  22,  210  (1951)* 

uni  fora  slroonium-trit  iua  targets,  as  •▼idenoed  by  the  preeanoe 
of  fluctuations  in  the  neutron  oouxrt  ing  rate  of  about  two  cr  three 
tloss  the  rtetletlool  fluctuations.  To  resora  this  eouroe  of 
trouble,  two  point  of  aroeeed  electrostatic  deflect  In#  pie  tea  esra 
installed  just  after  the  outfit  oil  to  of  the  analysing  Mytet. 

A 60  ejrole  par  seoond  a.o.  voltage  use  applied  aoaroee  one  pair 
of  wlasea-  end  • 400  ajrale  per  seam*  • *«.  rcltsge  sas  •"filed 
eeroee  the  other  pair  of  plates,  In  order  to  spread  out  the  beaa 
over  the  dlaphracna  near  the  tajrcet. 

The  tar gtt  ares  nss  suitably  dlaptarajaod  to  silos  sop* 
pro aelon  of  the  aeoondsry  eleotrone  firon  the  target  and  than, 
pern  It  the  use  of  a bass  «hsnrost  integrator  In  order  to  seal  tar 
the  neutron  plaid.  A ooRventlonsi  oondenaor  end  neon -ties  tube 
m used  Is  eonjusetlo*  slth  s eesle  of  996  sealer  for  saassi  li« 
the  total  charge  soossulated  on  the  target  during  eaeh  sun. 

The  neutrons  sere  detected  by  • conventional  ensriohed 
B10P5  alow  neutron  oouuter**  surrounded  by  paraffin  slth  an  outer 

Manufactured  by  V.  Pood  Counter  laboratory,  9491  Bleak  stone 
Avenue,  Chicago  19,  111. 


of  cadmium.  The  outside  dl mansion  of  the  counter  with 
paraffin  msp  4 inches  and  it**  ef-feotlv*  lmnpth  wan  ft  inotws,. 
Two  oheoks  of  the  stability  of  the  tumtron  detector  and  it* 

• seooleted  oiroultry,  using  a 10  Rilllourie  Ha -Be  eouroe , 
showed  that  eleotronlo  Jitter  and  to 1 tags  drifts  did  not  in- 
fluence the  counting  rate  more  than  cne  par  oent. 

Finally,  there  wee  present  in  nil  the  weaeureaents  a 
tine  dependant  be  ok  ground  of  neutrons  coning  a*  inly  fron  the 
region  of  the  analysing  aagnet  cheater.  This  was  retinae 4 
ooneltierably  Vj  Interposing  a stack  of  flea  gallon  eaaa  filled 
with  a saturated  water  solution  of  borax.  In  addition,  the 
sewting  sate  of  these  background  neutrons  was  determined  at 
fYefuent  intervals  while  taking  the  data,  and  n attempt  was 
aada  to  o enroot  the  desired  neutron  oouxrtlng  rate  for  this 
eouroe  of  neutrons . Blnoe  the  anount  of  these  background 
aeutrona  was  nmr  nova  than  flea  per  sent,  it  la  fait  that 
this  a war  os  of  fluctuation  is  adequately  a oo canted  for. 

Xxperlneatel 

Before  sea curing  tbs  total  neutron  erase  saetlona,  the 
off  sot  of  the  ejBtot  location  of  the  eeattcrar  was  investi- 
gated* Figure  11  ahowe  that  the  location  of  the  soetterer 
along  the  target -dstaotcr  axis  la  net  vary  orltioal,  and  that 

the  aoatterlng-ln  o arrest ion  ocn  aoooust  for  the  observed 
variation  of  the  counting  rate*  As  the  soattsrsr  is  noved 
nearer  to  the  neutron  eouroe  »v  the  counting  rate  rises  sharply, 
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FIq.  13.  Total  crow  taction  of  gold  for  navtrora  In  tha  anarpy  'onga  100  - 250  Cav  wot  mao «u rod 
with  tha  Ja  factor  60*  from  tk*  diction  of  tha  proton  boom . i hi  total  crott  taction  of  magnesium 
wot  alto  maaturad  In  tha  60*gaomatry  . 


i 


i 

\ 


and  *r«j  ho  aoccuaited  fe  by  the  » uyi&  inor-oAsa  of  tha  solid 
anf/te  subtended  “by  <;h«  »;»ntterer  fro ir.  the  target-  .if  tha 

aoattsrer  it*  mo7«d  toward  tha  neutron  counter,,  « sudden  Iwocsaea 
In  counting  rat*  ooours  because  In  our  set-up  the  diaueter  of 
ths  counter  la  laurger  then  the  diameter  of  the  soatterer.  \e 
tha  soatterer  peases  inside  the  Ceteotoar-oone,  aoae  neutrons 
pasc  dlreotly  Into  ths  detect  or  without  passing  through  the 
soatterer*  The  entire  effeot  oan  be  ooopsited  fros  the  paxe- 
acters  glean  la  the  oaptloo  to  figure  11.  Haase,  It  nee  felt  1 

that  the  oorreotlon  due  to  the  Mattering  of  neutrone  into  tha 

detector  are  adsstuetelr  seoounted  for  by  the  following  f omuls  t 
O' at  ■ la 

whsie  v0  is  the  total  arose  sent lea,  g la  Ha  mafcor  of  seatter- 
lag  malsl/oa^,  g la  the  thlefcsess  ef  the  seattorer,  | la  tha 
os—ilBg  sate  with  Ms  seattarar  la  plaos  sorrsotsd  hr  tha 
paraffla  shades  ooae  htefcgroaad,  *Q  la  tha  uwactlng  rats  wltheat 


[ (l  tAM/9^  - f)J 


(1) 


glean  hr 

f - £(4«  Id  d'/I*  J . 

where  do^/d*  is  the  differential  arose  seatlan  In  the  dlreation 


[ 


A / 4»  (L-r 


A 


(2) 


i 


of  the  detector*  L Is  the  target -detector  dletsnoe,  v Is  the 


-14- 


t*r««  fc  neat  tor  «v  distunes.  «n<>  A Is  tb*  n vpf*  of  ricn  t,  tisvsr ., 


br. 


nas  takan  equal  to  unity,  wirrrjj  »t  In  no 


sxaotiy  cnloulablo  bn*  is  axpeatod  to  be  n«er  unity  in  our 

energy  ranga  according  to  thft  eontinuvwa  tbeojry  of  mtolaar 
7 ) 

reeotioas  o In  the  geometry  uaed c the  scattering -In 


7) 


Final  Report  of  the  Itat  Neutron  Oita  Pro^eot,  9Y0-696. 


oorreotlon,  f,  oouall y Mount *4  to  four  por  oetst. 

Tbs  Tsrist  ion  of  tho  noutran  counting  into  on  tbs  Mfbnr 
mo  nor *4  in  o plono  perpendicular  to  tho  taree t -deteotor  uia 
mo  sloe  Unrertlgated.  A ■loillpomt  of  about  ooe-balf  lamb 
flora  o ooflllfllbla  ohonga  In  tin  oouniiafl  <%U  prsrldiu  that 
tha  aaottarar  mo  aligned  Initially. 

Tbo  atwrn  ipraal  of  tho  Mvtnoa  mo  detenalaed  elaoet 
entirely  ky  tha  thleknooo  of  the  alreenl— a-trltlM  target.  la 
ardor  to  aaoiasi  this  tarpat  thloknoaa,  aorafhl  oaaooroaauto 
of  tho  neutron  yield  In  the  fonouri  diroot  Ion  nora  taken 
(eoa  Pl«aro  12).  In  tha  Appendix  the  efaope  of  the  yield  owes 
to  be  expected  mo  oe  Isolated  nelafl  erraral  ronoonablo  oaaonptlono. 
If  only  one  ualfara  target  mo  employed,  o departure  of  tho  os- 
perl. eeatal  polate  fron  the  ooloulnted  ourre  mo  oboorrod  la  —oh 
tho  mm  ffcahlon  no  that  doooarlbed  by  Bonner  and  Butler®*.  If, 

®^  T.  t.  Bonner  and  J.  «.  Butler,  Ftaya.  Aar.  jgj,  1091  (1991). 


however „ taro  different  target  layers  rare  assured  to  constitute 
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th-  t‘\-  t, 
psrC.iriUl.-tr. 


t;;  i * \ * = \ 

if  Hi-:  p¥>r 


r*nt  of  thn  tritium  imfi 


in 


ati&umed  to  ba 


prwaeni  ir.  m 56  Kew  layer,,  and  directly  in  bnok:  of  this,  10 
per  oanfc  of  the  tritium  na  assumed  to  be  present  in  a 15  Kev 
layer,  then  • unique  fit  was  obtained  within  the  ecourecy  of 
the  assoaptions  Involved*  The  eeoond  layer  la  thought  to  be 
due  to  an  absorption  of  the  trltltwi  In  tha  oolfrta  booking 
onto  whioto  tha  eiroonlun  was  evaporated  * In  any  aaee,  tha 
S55tr»  cue  ray  spread  la  seen  to  be  due  to  a 40-49  Kav  thick 


ttrfiiU 

At  a aha ok  on  this,  tha  narrow  raaananaa  In  tba  total 
neutron  aroaa  eeotlon  of  aagaoaf  at  0 Kav  reported  by 
fields  and  bait9*  aaa  asaeured  with  our  aavw  of  w straws. 


9)  R.  *.  fields  and  M.  felt.  Ply  a.  Rev.  4T9  <101). 


figure  19  thont  tha  observed  —trio  energy  width  to  be  49*90 
lev  in  egretotnt  with  the  target  thitkntee  predict  lew. 


ab 

The  gold  eeettarer  oonaisted  off  a one -be If  inah  thiek 
cylinder  of  pore  gold  1 9/4  inohoa  In  dlaoetar.  figure  19 
gives  tha  remits  for  ysld,  and  it  is  to  be  noted  that  these 
data  rare  taken  before  Jltusballing  tha  hsao-epraadsrs  and  tha 
uater-oan  absorbers.  A oeopariaoo  of  tha  gold  data  with  either 
the  chlorine  or  phosphorus  data  shows  the  extent  of  the  reduction 


Jr.  fch«  fluctuations  affected  o,y  the  ufu»  of  the  bourn  aproodaro 
*rr’  4 cn;»t!=  Sc.tettt’T  ohenlc  rmlntw  *•;**■«  rr«d«i  on  "old 

after  t ha  spreaders  nnd  the  natar  c-ann  were  installed,  ar.S 
thaaa  repeat  point  a fall  right  along  the  average  11  na  drawn 
through  tha  polite . Proa  thaaa  result® , it  la  fait  that  the 
total  oroas  section  for  gold  doaa  not  havs  raaonanoaa  in  tha 
anargy  ranga  loo  to  700  k*v.  Furtharaure,  tha  aagnltud®  of 
tha  oroea  eeotloxi  a graaa  nail  with  thoaa  of  neighboring  ataai&o 
weight  ali  aeata. 

Tha  total  ami  aaotlon  for  ohlorlna  naa  t— mi  ting 

0 01^  In  • 1 V4  *©»h  iterator  oylteiar,  2 laohaa  in  length. 
Tha  effeot  of  tha  oarhoa  naa  sabosfaoatly  aubtamotai, using 
tha  oarhoa  aroaa  aaotioa  given  by  Aialr***  Znilantlaaa  of 
wnoiwio  ooaar  nt  several  nmtroa  aaargiaa  ani  are  a operated 
If  ah  at  100  ten. 

Tha  tatal  aroaa  nottni  far  yhoaphara  aaa  aaa— ral,  na- 
ing  nhlta  pHiplwwi  oat  it*  a 1 Vi  Ink  ilnttar  ayHaiar, 

1 1/2  teahaa  in  length.  That  art  anti  praartnat  watnaai 
in  thla  energy  rang*,  bt  higher  raaalntioa  expnrlasnta  arhiah 

a. 

«a  fcoya  to  ha  able  ta  carry  at  trotahly  are  naaiai  ta  give 
aay  total  la  oonoarning  tha  natura  of  tha  raaonanoaa*  Tha 
average  value  agrees  nail  with  that  raportai  by  Atolr  • 
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total  cross  SECTION  'BARNS') 


S i it  i S i i 


A ppandix 

A ZZ 

The  forward  direction  yield  of  the  HJ(  r»Bri  )h*  ‘ fsaoUw! 

free  a target  of  finite  thickness  an  measured  by  our  finite- 
ai*«d  counter  ( assumed  to  be  a flat  circular  disk)  la  given  by 


T - 


( IT  n/4  a ) 

O 


IdA^/d/ij  ♦ 4A^«a8)  «Aft  d*, 


•bare  ld  ia  «m  maker  of  protma  striking  the  target  par 
aiaarf,  a la  the  matter  tf  trillw  aaolel  par  cable  oeoti- 
• * la  the  laberetesy  angle  aaa  murid  tram  the  praten 
Umtia,  f j and  ^ # are  the  two  eentar  at  aaaa  angle# 


U the  eonal  afflelaaey  at  the  deteetcr. 


aalealated  efitk  tna  aoanaptloa  tint  the  different  1*1 


energy  the  protea  I la  tbs  layer.  Ax,  at  the  target, 
for  eaava nleaaa  la  latogwtlaa,  a pasaaetar 

k - (K^  / (1  - 

le  introduced  where  Mg,  Mg,  *B  end  MQ  are  the  aaesee  of  the 
target,  residual,  boabarding  end  outgoing  particles  respectively. 
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K <n  the  fc hr* ahold  energy  of  the  relation  in  inborntory 
o 

C«*>  -'irCillKi  Lgir*  n i'h#>  X\l %f\  *.  M a»?l:  v.i.Ui:*  X*£Ci C»  V>  .*.G7i  a <6 

I /‘i? 

assumed  to  wry  as  (K  - E ) nssr  threshold  find  sinos  the 

o 

exact  variation  obcnre  threshold  is  not  kncmn , It  is  ohceen 

2 

for  oonvenlenoe  In  integrating  to  be  suoh  that  o-dx  dir.. 
The  ecnal  effiolenoy  of  the  oounter  ^(0)  is  also  aeaaned  to 
be  a constant . 

Using  the  dymaioa  of  the  H^( p,n)He^  reaotlon,  the  value 
of  my  be  found  as  a funotloo  of  k and  9.  The 

integration  than  may  be  carried  oat  with  the  result  that 


T • I99mk/H)  Kj*  for  0 < f % < Sin  «o  , 

T » [ Kx9  - Ooa  #o  (Kj*  - Bin*  BQ) 

f«  Ml  •„<*!<,  <V»  / V.»  **  [*-*./  <>o  * •»>]  V4. 

t - j^Cj5  - «,*  - 0m  •„  Itj*  - *1»*  •0>a/*7 far  0<Kt<*la  »c 

T - (B^nd/Sa)  [kx9  - Kg9  - On  #0  ilj2  - 51a2  ♦ Ooa 

(Ij2  * Bin*  «#)9y*J  for  Kg?  Bin  #0  bat  Kj  * 1. 


•i¥- 


I 


1 


In  t.h«  formulas  k in  nn  unit  norm  ooruitfmt  depending  on 
the  efficiency  of  the  counter  «nd  other  oonafcanta  oi  cn& 

reaction,,  * is  the  energy  lone  per  am  for  the  proton  bens  In 
target t ie  the  half  angle  nubt  ended  by  the  counter 

(7.50°)  and  t la  tha  thiokness  of  tht  target  in  cm . k^  la 
the  value  of  k at  tha  front  edge  of  tha  target  and  kj  la  tha 
value  of  £ at  tha  back  »dga  of  tha  target,  aaota  for  an  lnoi- 
dant  proton  bean  of  energy  B#. 


c 


Ill,  UllyNWM!-. STATION  AtW  FUTUM-’  MKASiWEMIsNTS. 


TIw*  neutrons  employed  iu  the  measurements  of  this 
report  were  generated  by  deuteron  bombardnant  of  deuterium 
In  the  smeller  Bertol  Van  de  Graaff  generator.  In  the  fall 
of  1951,  this  smaller  generator  was  transferred  frou  Its 
previous  location  to  the  new  ofi-oaapue  quo leer  research 
oenter  of  the  Bartol  Rasearoh  foundation*  ttuoh  of  tbo  spring 
of  19W  »•  consumed  in  battering  the  porfsrasnee  of  tbo  gen- 
erator. for  e staple,  the  bonbardlng  beau  of  segnatloallj 
analyaad  deuterona  aaa  lnoraaaad  tsm  O.J  ao  l,tl  nloroanpsra 
to  Parity  Micros aperea  faollltatlng  Infinitely  tbo  produotlan 
of  Matrons  for  meseureuents  such  as  tbooe  dessribod  in 
•rations  I and  II  of  this  r sport* 

A Ooeteroft -Melton  set  wbiob  bae  Wen  (imlaMly  ies» 
or  1 bed  (Reference  j,  flection  X),  is  bslng  transferred  to  » 
Wilding  of  its  own.  This  bulldli*  is  holm  sons tmao ted  with 
exclusive  use  of  tbs  private  funds  of  tbs  lartol  Pc  unde  lion, 
■sateens  hsve  Wan  saooasaf ally  produoed  in  this  gsoaratsr, 
Wt  alnoe  it  was  loostsd  in  oloso  proximity  to  tbo  mU 
generator,  oiaaltsnooua  operation  of  tbs  two  sooelerators 
Wosns  isposslblo. 

With  s view  to  applying  scintillation  counter  methods 
to  deteotion  of  neutrons  and  pss  rays  involved  in  scatter- 
ing experiment*,  two  couplet*  detection  units  are  being  built* 
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Ktnoh  oonsiet-i  of  photcmul-t  1 filler „ linear  8*apliti»rp  rai.ngla 
otenn«'>  ptAu'.v  MJii,::Iti.  utw.*!:.  i.'stser,.  ?n ••?»  gc»3-i:?.»£  *:.irc/axv.,. 

A coincidence  cnaXyaar  will  also  b®  employed  far  uotlng  ooin- 
oldanoe*  between  neutrons  and  gamma  rays. 

Using  the  20-ota  geometry  of  Figure  3,  Section  I,  ahroniun 
toss  been  irradiated  by  4 -Me*  neutrons . Iron  has  bean  ir- 
rad  la  tad  again  in  a new  geoaatry  whloh  will  b*  da  sari  bad  in  a 
la tar  report.  These  exposure*  hare  bean  Just  o cap la  tad  at 
the  tine  of  writing  thiw  nanusorlpt  and  the  eaeoelatoA  photo- 
graphic p la  tea  have  not  been  analysed*  It  was  pis nasi  also 
to  irradiate  VI,  0,  and  Va  in  the  tO-on  geoaetsy  • Vow  tar, 
sis oo  ths  Mstfst  flss  is  so  yssl  far  fit  aionaa nm  of 
ailliaa  salt  dawtaraaa,  the  tolerant*  d stags  «u  export***** 
in  a vap  abort  tine  by  the  eperetlag  am  |nii«  the  iron- 
•firwilri  booharAaenta.  it  has  those  fart  tame  sNtMHi  ta 
pastpana  iso  warily  further  irradiations* 

ft  will  be  recalled  that  am  tias  «p  the  largo 
Van  An  Afiaaff  generator  lal  bean  UU1  op  te  aw-hhd  of 
ita  final  height  and  tested  as  rsgards  voltage,  boas  predestloa, 
and  operation.  The  suooess  of  these  toots  Justified  ths  asst 
atop*  the  extension  of  the  gonorator  te  ita  full  height.  This 
extension  has  boss  serried  sot  end  eleetroatatle  valtagss  in 
exoeae  «f  5 «▼  hats  bees  obtained* 

The  full  length  of  ths  soooleretlng  tube  has  been  Installed, 
together  with  the  ion  touroe.  Several  teats  relative  to  the  in 

( 
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fcrtam  era  uiidar  *“&y0  In  this  connection,,  * le  cti-urrl.&t in 
deflector  plates  and  the  suT>jn*essair  »2*va  boan  added  Just 

be  lew  the  accelerating  tube  irroper-  The  purpose  of  the 
farmer  la  to  align  the  beans  and  that  of  the  latter  to 
auTpcreoe  book  eleotrona. 

The  analysing  nagnet  la  worn  in  operating*  although  a 
faa  refine  aente  are  a till  to  be  nrds » Beeent  tally  all  the 
energy  controlling  wohanlan  ha  a beaa  ocaplete**  the  #ia- 
aaate  nhioh  have  not  been  complete*  await  tha  boon  t»*$s 
meotlune*  above.  It  la  expected  that*  barring  mfo reaeob 
oirouHStaaoea,  tha  generator  will  be  operating  with  a foouato 
baaa  tai  at  a voltage  la  eseeaa  of  5 allllaa  volte  la  about  j 

Tha  above  prograao  report  aa  tha  generator  hsa  baaa 
lac  lotto  baoavaa  it  U lataainl  that  thto  aaohftaa  atoll  to 
aato  to  iiantUaa  with  tha  noatraa  aaattortog  mrtk,  par* 
alttlag  aaatroa  toaaa  of  aoah  higher  energy  ato  groatwr 
totaaaltp  ttoa  ttoaa  at  tor  available  to  aa.  { 

i 


